ISSN: 0976-3031

Available Online at http://www.recentscientific.com

International Journal of Recent Scientific Research
Vol. 4, Issue, 10, pp.1631-1637, October, 2013

International Journal
of Recent Scientific
Research

RESEARCH ARTICLE

CHANGES IN HORMONAL ACTIVITIES OF THE FISH CHANNA PUNCTATUS (BLOCH) UNDER
EXPOSURE TO DICOFOL 18.5 % (EC) SUB-LETHAL CONCENTRATION

Veeraiah.K* Dhilleswa Rao.H, Hyma Ranjani.G, Venkatrao.G and Vivek.Ch
Department of Zoology and Aquaculture, Acharya Nagarjuna University, Nagarjuna Nagar-522 510,

Guntur, Andhra Pradesh, India

ARTICLE INFO

ABSTRACT

Article History:

Received 18", September, 2013

Received in revised form 28", September, 2013
Accepted 14™, October, 2013

Published online 28™ October, 2013

Key words:
Dicofol, Hormones, LCs, and Channa
punctatus

Freshwater snake headed fish Channa punctatus (Bloch), was exposed to sub-lethal
concentration (1/10" of 96 h LCs;) of Dicofol 18.5% EC for 24, 48, 72, 96 and 30 days and
the consequential impact on hormonal activity was studied. The LCs, values calculated for
24, 48, 72, 96 h using Finney’s (1972) probit analysis and were 0.075, 0.075, 0.72, and 0.72
ppm respectively. In the present study it was observed that, short-term dicofol exposure (96
h) did not exert appreciable changes in Estradiol and Testosterone levels in sub-lethal
exposure. On the contrary, prolonged dicofol exposure (30Days) significantly decreased
LH, FSH, TSH, T4, Testosterone and Progesterone levels in dose and time-dependent
manner. The decrease in hormone action may be due to the interference of the test toxicant
with the synthesis, transport, metabolism and elimination of hormones, thereby decreasing
the concentration of natural hormones. The results obtained were in corroborative with the
earlier reports and the discussed at length with the available literature.

© Copy Right, 1JRSR, 2013, Academic Journals. All rights reserved.

INTRODUCTION

A large number of chemicals occurring in our environment
may have potential to interfere with the endocrine system of
animals (Dalsenter, et al., 1997). Many of these chemicals can
disrupt development of the endocrine system and of the organs
that respond to endocrine signals in organisms indirectly
exposed during prenatal and/or early postnatal life; effects of
exposure during development are permanent and irreversible
(Colborn, et al., 1993). Increasing interest has been observed
among environmental and health institutions regarding the
potential reproductive effects due to exposure to occupational
and environmental chemicals (Dalsenter, et al., 1997). Since
the discovery of DDT in 1939 Mably et al., (1992), numerous
pesticides (organochlorides, organophosphates, carbamates)
have been developed and used extensively worldwide with few
guidelines or restrictions. Some pesticides such as
organochlorine, organophosphates and carbamates are known
to cause morphological damage to the fish testis. These also
affect female fish in the same way. They cause delayed Oocyte
development and inhibition of steroid hormone synthesis, Kim
(1998). Thyroid hormones play a key role in the maintenance
of body homeostasis. Altered thyroid status may lead to
changes in basal metabolic rate, lipid metabolism as well as
cardiovascular, gastrointestinal and muscle function. Thyroid
hormones are especially important during growth and
development such as the maturation of the brain. A number of
environmental agents can alter thyroid hormone levels in
humans and animals. Hypothyroidism in rodents has been
observed after exposure to PCB, TCDD, and chlorinated
pesticides (Crisp et al., 1998). Disruption of the balance of
endocrine hormones during development of young fish can
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also cause defects of the skeletal system, resulting in
deformities and stunted growth Ewing, (1999); Goodbred,et
al.,(1997). Survival and reproductive success of an organism
requires an ability to adapt to constantly changing external
environmental conditions, while maintaining a constant
internal environment within very narrow tolerances (Goodman
2003). Some endocrine disruptors may exert their action by
interfering with the brain's release of hormones, which in turn
regulate the production of other hormones that control the
growth and the activity of many other endocrine glands.
Indeed, the pituitary has been termed the conductor of the
endocrine orchestra, and pollutants that cause the pituitary
region in the brain malfunction may therefore have multiple
effects. In aquatic systems, OCPs easily join food webs, and
their concentrations increase with each trophic level Sun et al.
(2006). In the case of fish, accumulation of these compounds
in gonads may result in reduced reproduction potential, as well
as in a decrease in fry number and developmental disorders.
Residues of organochlorine pesticides in edible parts of fish
are another problem (Darko et al. 2008, Li et al., 2008).
Among food products, fish are considered the main source of
these compounds in human diet. Fish products sometimes
contain significant amounts of these compounds that pose a
health risk to consumers (Binelli and Provini 2004, Sun et al.
2006). As OCPs have the ability to induce endocrine,
metabolic, and reproductive disorders, their concentrations in
food products, especially in edible fish species, should be
monitored. Fish have been also used in numerous studies as
the most effective bioindicators in the environmental
monitoring of aquatic ecosystems (Kannan et al., 1995, van
der Oost et al., 2003, Hinck et al. 2008).
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MATERIALS AND METHODS

The test fish Channa punctatus size 10-12 + % cm and weight
14-16 + % gm were collected from local fish market and
brought to the laboratory and stored in large plastic tubs
containing tap water. The fish were acclimated to laboratory
conditions at 28 + 2°C for 10 days and the water was well
aerated daily, as per the recommendations of committee on
toxicity tests of Aquatic organisms (A.P.H.A 1998). The fish
were fed with groundnut oil cake and rice bran. The water in
the fish storage tanks was changed daily. The feeding was
stopped one day prior to experiments. Tap water was used for
maintaining the fish in the fish tanks had a pH 7.2+0.1,
dissolved oxygen 8.0#0.3 mg/L and bicarbonates
95.0+5.0mg/L at 28 + 2°C.

Hormone sample collection and storage

Serum: Using a serum separator tube (SST) the samples were
collected and allowed the samples to clot for 30 minutes before
centrifugation for 15 minutes at 1000 rpm. Serum was
removed and assayed immediately or aliquot and stored
samples at -20°C.

Plasma: Plasma was collected using citrate, EDTA, or heparin
as an anticoagulant. Centrifuge for 15 minutes at 1000 rpm
within 30 minutes of collection. Plasma GH levels were
measured using a specific double-antibody Channa GH
radioimmunoassay as outlined in Bjornsson et al., (1994). The
GH assay requires duplicate 50-Al samples and there was
insufficient plasma to measure plasma GH in parr in 1999.
Plasma insulin-like growth factor | (IGF-I) and thyroxine (T4)
were measured in  duplicate 10 Al samples by
radioimmunoassays as outlined in Moriyama et al. (1994).

RESULTS AND DISCUSSION

The calculated values for hormones and standard deviation,
along with per cent change over the control in different
hormones of fish Channa punctatus (Bloch), in different time
periods graphs were given in Fig. A.1-6. The hormone levels
of control fish were more or less stable during the 24 h, 48 h,
72 h, and 96 h respectively. Whereas at 30" day of the
experiment all hormones levels in control were also decreased.
This may be due to starved condition of the fish. The hormone
levels decreased on exposure to sub-lethal concentration of
Dicofol 18.5 % EC (Kelthane). They also showed a tendency
of decrease with the increase in the period of exposure at 24h
the decrement is about 5-20 % and by thirty days it reached to
30-60 %. The maximum level of change was observed in the
hormone LH (74%) and minimum in Follicle stimulating
hormone FSH (T4) (25%). Under exposure to sub-lethal
Dicofol 18.5% EC, the hormone level was found to decrease in
all above hormones of Channa punctatus (Bloch). Maximum
decrease was observed at 30 days exposure to the toxicant.

In the present study it was observed that, short-term dicofol
exposure (96 h) did not exert appreciable changes in Estradiol
and Testosterone levels in sublethal dicofol 18.5% EC. On the
contrary, prolonged dicofol-exposure (30Days) significantly
decreased LH, FSH, TSH, T4, Testosterone and Progestirone
levels in dose and time-dependent manner. In the case of
estradiol and testosterone, a significant increase in the
hormone level was observed. Many studies show a direct
relationship between concentrations of pesticides and related
chemicals in fish tissues and depressed hormone

concentrations. Dicofol Inhibition of androgen synthesis,
increase of estrogens synthesis, binding to estrogen receptor
was reported by Thibaut and Porte (2004), Okubo.et.al.
(2004). These results go hand in hand with those of, Tag El-
Din, et al., (2003) who reported that dicofol at 4.19 and 16.75
mg/kg b.w./day, for 6 months, induced significant decrease in
LH level in male rats. Pesticides are reported to cause
degenerative changes in gonads and arrest gametogenic
processes either by acting directly on the gonads or by
interfering with the secretary activity of the hypothalamo-
hypophyseal-gonadal/thyroid axis that regulates various
reproductive events. Secretion of hormones such as
gonadotropin-releasing hormone (GnRH), gonadotropin,
growth hormone, adrenocorticotropic hormone (ACTH),
testosterone, estrogens, 17,20B-dihydroxyprogesterone and
thyroid hormones are in general lowered, leading to cessation
of gametogenesis, vitellogenesis, Oocyte maturation,
ovulation, spermiation, etc. Adverse effects of pesticides have
also been demonstrated on fecundity, fertilization, hatching,
and postembryonic development. The effects are highly
variable and depend on the nature, dose, and mode of
application of the pesticides. Lal, (2007). Changes in levels of
various thyroid hormones during different reproductive phases
occurred most probably due either to inhibit (in response to y-
BHC) or to stimulated (in response to malathion) extra
thyroidal T, monodeiodination and their altered excretion or
consumption rate after 4 weeks exposure of y-BHC (8 and 16
ppm) and malathion (10 and 20 ppm),. Marked decline in LH
and FSH levels in the present study confirm the findings of
Desaulniers et al., (1999) and Lafuente et al., (2000), who
investigated the toxicological influences of PCB (126 and 153)
and methoxychlor, O.C, at different concentrations on male
rats. On the other hand, the results of the present study
disagree with the findings of Tag EI-Din et al., (2003), who
mentioned that FSH level increased significantly after
treatment with dicofol at lower and higher-doses (4.19 and
16.75 mg/kg b. w./day), in drinking water, for 6 months. It was
proved that certain O°C pesticides did not alter LH and FSH
levels when administered into rats at different doses for short-
term intervals, such as: DDT (Krause, 1977), PCB 28 and 77
(Desaulniers et al., 1997) and TCPM (Foster et al., 1999).

Caroll et al., (1991) reported an elevation in circulating levels
of inhibin, a glycoprotein of primarily sertoli cell origin which
inhibits FSH synthesis and secretion by the pituitary could
account for the observed decrease in serum FSH level which
was confirmed histopathologically by degeneration and
atrophy of seminiferous tubules including leydig and sertoli
cells. FSH stimulates the sertoli cells of the seminiferous
tubules to produce androgen binding protein, probably move
via the sertoli cells to other germ cells and to the epididymus
where the testosterone is released to exert its physiological
effects in sperm maturation (Mably et al., 1992), Saravanan.
etal (2010) reported that sub-lethal concentrations of
endosulfan chronic exposure to Labeo rohita (50 days), caused
increased levels of serum T3 (Triodothyronine) but TSH level
decreased in treated fish. Singh and Singh (1992b) observed
suppression of testosterone,estradiol and 17 a —Ohprogesterone
in ovarian tissue and plasma (Singh and Singh, 1991), greater
reduction in ovarian hormones at higher doses of pesticides
and impaired steroidogenesis by inhibiting gonadotropin
secretion (Singh and Singh, 1992a),
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Fig 1: Changes in the total LH hormone activity levels (mlU/ml) and % change over the control in different hours/days (24h, 48h,
72h, 96h and 30days) of the fresh water fish Channa punctatus exposed to sub-lethal concentration of Dicofol 18.5% EC.
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Fig. 2: Changes in the total FSH hormone activity levels (mlU/ml) and % change over the control in different hours/days
(24h,48h,72h,96h and 30days) of the fresh water fish Channa punctatus exposed to sub-lethal concentration of Dicofol 18.5% EC.
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Fig. 3: Changes in the total T4 hormone activity levels (mg/dl) and % change over the control in different hours/days (24h,48h,72h,96h
and 30days) of the fresh water fish Channa punctatus exposed to sub-lethal concentration of Dicofol 18.5% EC.
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Fig. 4: Changes in the total Estradiol hormone activity levels (pg/ml) and % change over the control in different hours/days
(24h,48h,72h,96h and 30days) of the fresh water fish Channa punctatus, exposed to sub-lethal concentration of Dicofol 18.5% EC.
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Fig. 5: Changes in the total Testosterone hormone activity levels (ng/ml) and % change over the control in different hours/days (24h,
48h, 72h, 96h and 30days) of the fresh water fish Channa punctatus. exposed to sub-lethal concentration of Dicofol 18.5% EC.
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Fig. 6: Changes in the total Progesterone hormone activity levels (ng/ml) and % change over the control in different hours/days (24h, 48h,
72h, 96h and 30days) of the fresh water fish Channa punctatus. exposed to sub-lethal concentrations of Dicofol 18.5% EC.
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decreased ovarian phospholipids, checking of hydrolysis of
esterified cholesterol to free cholesterol, impairment of
translocation of lipid to ovary by inhibiting hypothalamo-
hypophysial-ovarian axis (Singh and Singh, 1992b), inhibition
of de-esterification of esterified cholesterol to free cholesterol
and steroidogenesis and hormone secretion into plasma (Singh
et al., 1993) have been reported in singhi catfish treated with
varying doses of malathion and y-BHC over different periods.
According to the suggestion of Singh and Pandey (1990), the
changes in the pattern of the steroidogenic enzymes 3 RB-
hydroxysteroid dehydrogenase and 17 [-hydroxysteroid
dehydrogenase lead to inhibition of testicular androgen
biosynthesis in adult rats, which is required for
spermatogenesis in seminiferous tubules and sperm maturation
in the epididymus. A complementary proposed mechanism,
could explain dicofol induced toxicity, is blocking
gonadotropin production and/or release by the pituitary,
thereby testosterone production by leydig cells is not
stimulated, causing spermatogenesis arrest (Vanage, et al.,
1997). This mechanism is supported by the data previously
reported by Mably et al., (1992).

Reproductive hormones and vitellogenin may be suppressed in
fish exposed to xenobiotic chemicals in the field or laboratory
(Folmar, 1993). Endocrine disruption in freshwater fish
presenting intersex individuals with Ovotestes has now been
reported from many places and in many freshwater and marine
fish species (Jobling et al., 1998). Indirectly, endocrine
disruption might also affect fat storage due to specific
chemicals, some of them mimicking the steroid hormone
estrogen (Turner and Sharpe, 1997). The significant decrease
of testosterone levels may be as a result of direct damage
caused by dicofol on leydig cells, the main site of testicular
androgen biosynthesis. Results of the present work agree with
those reported by Krause (1977), Desaulniers et al., (1999),
Lafuente et al., (2000), Ben Rhouma et al., (2001) and
Choudhary and Joshi (2003), who noted that T level was
significantly ~decreased in male rats treated with
organochlorine pesticides at different doses, i.e. DDT, PCB-
126 and 153, methoxychlor, DDT, endosulfan, respectively.
Similar results were recorded with O.C pesticides at different
experimental period; i.e. DDT (Ben Rhouma et al., 2001),
lindane (Chitra et al., 2001 and Sujatha et al., 2001) and
endosulfan (Choudhary and Joshi, 2003). Brown and Casida
(1987) and Jadaramkunti and Kaliwal (2002) showed that
reduction of testes and epididymus weights in rats treated with
the highest dose of dicofol for long-term are the result of
reduction diameter of semniferous tubules, spermatogenic,
Leydig and Sertoli cells.

Kim, D.E. (1998) stated that some pesticides such as
organochlorine, organophosphates and carbamates are known
to cause morphological damage to the fish testis in males and
ovary in females and cause delayed Oocyte development and
inhibition of steroid hormone synthesis. Maxwell and Dutta,
(2005) in their study have correlated the changes in the ovarian
follicles of bluegills exposed to diazinon and the estradiol
levels in the blood, which led to the endocrine disruption. The
teleost testis, as in mammals, is composed of steroid hormone-
secreting endocrine interstitial cells and sperm-producing
lobular or tubular compartments (Nagahama, 1983). The
reproductive potential of fish is affected, when reared in water
containing pesticide residues (Moore and Waring, 2001). The

physiological functions of fish get altered upon exposure to
different pesticide concentrations (Gupta and Saxena, 2006).
Among the key events in the female reproductive process is
ovulation, which is regulated by the endocrine and central
nervous systems. Doses of pesticides that are not high enough
to kill fish are associated with subtle changes in behavior and
physiology that impair both survival and reproduction (Kegley
S, et al.,, 1999). In the preent study it was proved that the organ
chlorine insecticide Dicofol 18.5% EC in sub-lethal
concentration had induced changes in the activity levels of
hormones of the fresh water snake headed fish Channa
punctatus. The present findings were in agreement with the
earlier findings of several authors. The present study
emphasizes the need to enlighten the farmers about the adverse
effects of indiscriminate use of pesticides on the crops.

Acknowledgements

The authors thank the Head of the Department of Zoology,
Acharya Nagarjuna University for providing necessary
facilities. They also thank UGC for providing equipment to
carry out this work under Special Assistance Programme.

References

A P H A.,1998. American Public Health Association. In:
Standard methods for The examination of water and
waste water. APHA/AWWA/WPCF, Washington, DC.

Ben Rhouma, K., Tebourbi, O., Krichah, R., Sakly, M., 2001.
Reproductive toxicity of DDT in adult male rats”. Hum.
Exp. Toxicol., 20 (8), 393-397.

Binelli, A and Provini A., 2004. Risk for human health of
some POPs due to fish from

Lake Iseo. Ecotoxicology and Environmental Safety. 58 (1),
139-145,

Bjornsson, B.Th., Taranger, G.L., Hansen, T., Stefansson,
S.0.,, Haux, C., 1994. The interrelation between
photoperiod, growth hormone, and sexual maturation of
adult Atlantic salmon (Salmo salar). Gen. Comp.
Endocrinol. 93, 70— 81.

Brown, M and Casida J E., 1987. Metabolism of a dicofol
impurity alpha-chloro- DDT,

but not dicofol or dechlorodicofol, to DDE in mice and a liver
microsomal sytem. Xenobiotica. 17, 1169-1174.

Caroll, R.S., Kowash, M., Lofgren, J.A., Schwall, R.H., Chin,
W.W., 1991. In vivo regulation of FSH synthesis by
inhibin and activin. Endocrinol. 129, 3299- 3304.

Chitra., K.C., Sujatha, R., Latchoumycandane, C., Mathur,
P.P., 2001. Effect of lindane on antioxidant enzymes in
epididymus and epididymal sperm of adult  rats. Asian
J. Androl. 3, 205-208.

Choudhary, N., Joshi, S.C.,2003. Reproductive toxicity of
endosulfan in male albino rats. Bull. Environ. Contam.
Toxicol. 70, 285-289.

Colborn, T., Vom Saal, F.S., Soto.,
Developmental effects of endocrine-
disrupting chemicals in wildlife and humans. Environ. Health

Perspect. 101 (5), 378-384.

Crisp, T. M., Clegg, E.D., Cooper, R.L., Wood, W.P.,
Anderson, D.G., Baetcke, K.P., Hoffmann, J.L., Morrow,
M.S., Rodier, D.J., Schaeffer, J.E., Touart, L.W., Zeeman,
M. G., Patel, Y.M.,1998. Environmental endocrine disrupt
ion: an effects assessment and analysis. Environ Health
Perspect. 106 (1), 11-56.

AM., 1993.

1635



International Journal of Recent Scientific Research, Vol. 4, Issue, 10, pp.1631-1637, October, 2013

Dalsenter, P.R., Faqi, A.S., Chahoud, 1., 1997. Serum
testosterone and sexual behavior in rats after prenatal
exposure to lindane. Bull. Environ. Contam. Toxicol. 59,
360-366.

Darko, G., Akoto, 0., Oppong, C., 2008. Persistent
organochlorine pesticide residues in fish, sediments and
water from Lake Bosomtwi, Ghana. Chemosphere 72 (1),
21-24,

Desaulniers, D., Leingartner, K., Wade, M., Fintelman, E.,
Yagminas, A., Foster, W.G

1999. Effects of acute exposure to PCBs 126 and 153 on
anterior pituitary and thyroid ormones and FSH isoforms
in adult Sprague Dawley male rats. Toxicol. Sci. 47 (2),
158-169.

Dickhoff, W.W., Folmar, L.C., Gorbman, A., 1978. Changes
in plasma thyroxine during smoltification of coho salmon,
Oncorhynchus kisutch. Gen. Comp. Endocrinol. 36, 229—
232.

Ewing, R.D., 1999. Diminishing returns: Salmon decline and
pesticides. Funded by the Oregon Pesticide Education
Network. Biotech Research and Consulting, Inc., and
Corvallis.55.

Finney,s D.J.,1971. Probit analysis 3" edition. Cambridge
University Press, Cambridge, London.

Folmar, L.C., 1993. Effects of chemical contaminants on blood
chemistry of teleost fish: a bibliography and synopsis of
selected papers”. Environmental Toxicology and
Chemistry, 12, 337-375.

Foster, W.G., Desaulniers, D., Leingartner, K., Wade, M.G.,
Poon, R., Chu, 1., 1999. Reproductive effects of tris (4-
chlorophenyl) methanol in the rat. Chemosphere, 39 (5),
709-724.

Goodbred, S.L., Gilliom, R.J, Gross, T.S., Denslow, N.P.,
Bryant, W.L., Schoeb, T.R., 1997. Reconnaissance of
17B-estradiol, 11-ketotestosterone, vitellognin, and gonad
histopathology in common carp of United States streams:
Potential for contaminant-induced endocrine disruption.
U.S Geological Survey, Open-File Report, 96-627.

Goodman, H.M., 2003. Basic Medical Endocrinology, 3rd
Edition. Academic Press, San Diego, CA. 469.

Gupta, P., Saxena, P.G., 2006., Biochemical and
haematological studies in freshwater fish Channa
Punctatus exposed to synthetic pyrethroids. Pollution
Research, 25(3), 499-502.

Hinck, J.E., Balzer, V.S., Denslow, N.D., Echols, K.R., Gale,
R.W., Wieser. C., May, T. W., Ellersieck, M., Coyle, J.J.,
Tillitt, D.E., 2008. Chemical contaminants, health
indicators, and reproductive biomarker responses in fish
from rivers in the Southeastern United States. Science of
Total Environment 390 (2-3), 538-557.

Jadaramkunti, U.C., Kaliwal, B.B., 2002. Dicofol formulation
induced toxicity on tests and accessory reproductive
organs in albino rats. Bull Environ Contam Toxicol; 69,
741-748.

Jobling, Susan., Katherine, E. Liney Jan., A. Shears., Peter
Simpson., Charles, R. Tyler., 1998. Assessing The
Sensitivity Of Different Life Stages For Sexual Disruption
In Roach (Rutilus Rutilus) exposed To Effluents From
Wastewater Treatment Works.

Kannan, K., Tanabe, S., Tatsukawa, S., 1995. Geographical
distribution and accumulation features of organochlorine
residues in fish in tropical Asia and Oceania.

Environmental Science and Technology. 29 (10), 2673—
2683.

Kim, D.E.,1998. Endocrine disruption
Academic Publishers, London.

Krause, J.P.C.,1977., How Children See scientists. Science and
Children. 14(8),9-10.

Kegley, S., Neumeister, L., Martin, T., 1999. Ecological
Impacts of Pesticides in California. Pesticide Action
Network, California, USA. 99.

Lafuente, A., Marquez, N., Pousada, Y., Pazo, D., Esquifino,
A.L., 2000. Possible estrogenic and/or antiandrogenic
effects of methoxychlor on prolactin release in male
rats”. Arch. Toxicol., 74 (4-5), 270-275.

Lal, B., 2007. Pesticide induced reproductive dysfunction in
indian fishes. Fish Physiology and Biochemistry. 33 (4),
455-462.

Li, X.,, Gan, Y., Yang, X., Zhou, J., Dai, J., Xu, M., 2008.
Human health risk of organochlorine pesticides (OCPs)
and polychlorinated biphenyls (PCBs) in edible fish from
Huairou Reservoir and Gaobeidian. Lake in Beijing,
China.Food Chemistry. 109 (2), 348 354.

Mably, T.A., Bjerke, D L, Moore, R.W., Gerndron, F.A.,
Peterson, R.W., 1992. In utero and lactation exposure of
male rats to 2, 3, 7, 8 tetrachlorodibenzo-p dioxin.
Toxicol. Appl. Pharmacol. 114, 118-126.

Maxwell, L.B., Dutta, H.M., 2005.
endocrine disruption in bluegill

Lepomis macrochirus. Ecotoxic. Environ. Safty. 60,21-27.

Moore, A., Waring, C.P., 2001., The effect of a synthetic
pyrethroid pesticide on some aspects of reproduction in
Atlantic salmon Salmo salar L. Aquatic Toxicology,
52(1). 1-12.

Moriyama, S., Swanson, P., Nishii, M., Takahashi, A.,
Kawauchi, H., Dickhoff, W.W.,

Plisetskaya, E.M., 1994. Development of homologous
radioimmunoassay for coho salmon insulin-like growth
factor-1. Gen. Comp. Endocrinol. 96,149-161.

Nagahama, Y., 1983. The functional morphology of teleost
gonads. In fish Physiology, Vol. IXA (Eds. W.S. Hoar,
D.J. Randall and E.M. Donaldson). Academic Press, New
York. 223-275.

Okubo, T., Yokoyama, Y., Kano, K., Soya,Y., Kano, I., 2004.
Estimation of estrogenic and antiestrogenic activities of
selected pesticides by MCF-7 cell proliferation assay.
Arch. Environ. Contam. Toxicol.46, 445-453.

Saravanan, T.S., Rajesh. P., M. Sundaramoorthy., 2010.
Studies on effects of chronic exposure of endosulfan to
Labeo rohita. Journal of Environmental Biology. 31(5),
755-758.

Singh, S.K., Pandey, R.S., 1990. Effect of subchronic
endosulfan exposure plasma gonadotrophins, testosterone,
testicular  testosterone and enzymes of androgen
biosynthesis in rat. Indian. J. Expt. Biol., 28: 953-956.

Singh, P.B., Singh T.P., 1992b. Impact of y-BHC on lipid class
levels and their modulation by reproductive hormones in
the freshwater catfish, Heteropneustes fossili”’s. Bull.
Environ. Contam. Toxicol. 48, 23-30.

Singh, P.B., Singh T. P., 1991. Impact of y-BHC on sex
steroid levels and their modulation by ovarian luteinizing
hormone- releasing hormone and Mystus gonadotropin in
the freshwater catfish, Heteropneustes fossili. Aquatic
Toxicol. 21, 93-102.

in fish. Kluwer

Diazinon-induced

1636



International Journal of Recent Scientific Research, Vol. 4, Issue, 10, pp.1631-1637, October, 2013

Singh, P.B., Singh T. P., 1992a. Impact of malathion ad y-
BHC on steroideogenesis in the freshwater -catfish,
Heteropneustes fossilis. Aquatic Toxicol. 22, 69-80.

Singh, P.B, D.E.Kime., T.P.Singh.,1993. Modulatory actions
of mystus gonadotropin on y-BHC induced histological
changes, cholesterol and sex steroid levels in
Heteropneustes fossilis. Ecotoxicol. Environ. Saf. 25, 141-
153.

Sujatha, R., Chitra, K.C., Latchoumycandane, C., Mathur, P.
P., 2001. Effect of lindane on testicular antioxidant system
and steroidogenic enzymes in adult rats. Asian J. Androl.,
3, 135-138.

Sun, F., Wong, S.S,, Li, G.C., Chen, S.N., 2006. A preliminary
assessment of consumer’s exposure to pesticide residues
in fisheries products. Chemosphere 62 (4), 674-680.

Tag EI-Din, H. A., Abbas, H.E., El-Kashoury, A.A., 2003.
Experimental studies of dicofol reproductive toxicity on
male albino rats. Bull. Fac. Pharm., Cairo Univ., 41
(2),179- 188.

Thibaut, R., Porte, C., 2004. Effects of endocrine disrupters on
sex steroid synthesis and metabolism pathways in fish. J.
Steroid Biochem. Mol. Biol., 92, 485-494.

Turner, R.E., Shape.,1997. Wetland loss in the northern Gulf
of Mexico:Multiple working hypotheses. Estuaries, 20(1),
(in press).

Van der Oost, R., Beyer, J., Vermeulen, N.P.E., 2003. Fish
bioaccumulation and biomarkers in environmental risk
assessment. a review; Environmental Toxicology and
Pharmacology. 13 (3), 57-149.

Vanage, G.R., Phadke, M.A., Sheth, A.R., 1997, Prostate, 6,
195.

*khkkkkikkk

1637



